ol activity has not been reported yet. Moreover, edible oil deterioration is related to the molecular content of edible oil e.g., free fatty acids and tocopherol .
At present, the price of edible oil is increasing. Soybean oil is being widely used in both industry and homes. Soybean oil contains α-, β-, γ-, and δ-tocopherols. However, the optimal amount of tocopherol in each oil type varies, indicating that the addition of large amounts of tocopherol is generally not suitable for preventing oil deterioration 5 .
Moreover, determination of the precise amounts of tocopherol to be added to each oil is important for extending its shelf life. No previous studies have comprehensively evaluated deterioration of soybean oil and its composition e.g., free fatty acids, tocopherol, radicals . Therefore, investigation of the molecular content of waste edible oil e.g., acid value AV , carbonyl value CV , free fatty acids, tocopherol, and radical-scavenging activity is needed. In this study, we determined the composition e.g., free fatty acids and tocopherol and described the deterioration parameters e.g., AV, CV, and radical activity of the edible oil. Moreover, we analyzed the inhibition effect of different concentrations of tocopherol on deterioration of the oil quality. 
Effect of Tocopherol
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Abstract: In this study, waste edible oil was prepared by both heat and aeration treatment, and the increasing inhibitive effect of tocopherol treatment on the acid value (AV) and carbonyl value (CV) of the oil was investigated. The AV and CV of waste edible oil treated with tocopherol were 0.1-1.0% lower than those of the nontreated oil, indicating that tocopherol exerted a radical-scavenging activity. The concentration of tocopherol decreased with time, while that of the remaining 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals increased. These results suggest that the addition of tocopherol proved to be useful for preventing the deterioration of waste edible oil.
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Material and Methods
Materials
Edible Shirashime soybean oil was purchased from Showa Sangyo Co., Ltd. Waste edible oil was prepared by both heat and aeration treatment 6, 7 . Untreated edible oil 300 mL was heated at 180 while stirring at 250 rpm for 5 h per day Total days: 6 days and aerated oxygen flow at 300 mL/min. Samples 7 mL were collected once per day Total days: 6 days 7 . Tocopherol 100 Nisshin Oillio Group. Ltd. Japan was used for preventing edible oil deterioration. The components of tocopherol 100 are α 6.7 , β 0.2 , γ 71.2 , and δ 21.9 . Tocopherol 100 in weight ratios of 0.1 , 0.5 , and 1.0 was added to untreated edible oil 300 mL both before heat and aeration treatment.
AV Acid value and CV Carbonyl value analysis
The samples 1 g were dissolved in 100 mL of a mixture of ethanol:ether 1:1 , and the solution was titrated with 0.1 mol/L potassium hydroxide phenolphthalein was used as indicator . The AV was calculated according to equation 1 as follows:
where a mL is the amount of 0.1 mol/L potassium hydroxide required for the titration, F is the factor of 0.1 mol/ L potassium hydroxide, and M g is the mass of the edible oil sample 8 .
The samples 0.25 g were dissolved with 25 mL of 1-butanol. Subsequently, 1 mL of sample solution and 1 mL 2,4-dinitrophenyl hydrazine were mixed for 20 min at 40 . Additionally, after 8 mL of 8 potassium hydroxide was added to the mixture solution, each sample was centrifuged at 3,000 rpm for 5 min by using a KUBOTA 3100 centrifuge KUBOTA Co., Ltd. . The supernatant was analyzed using a UV-1200 spectrophotometer Shimadzu . Absorbance was measured at 420 nm 9 . All regents used were purchased from Wako Pure Chemical Industries, Japan.
Free fatty acid FFA and tocopherol analysis
Benzene 0.5 mL and 14 w/w BF 3 -methnol 1 mL were mixed with 10 g of the samples, and the suspension was heated for 2 h at 80 . Subsequently, 5 mL of n-hexane and 15 mL of distilled water were added, and the sample in the n-hexane layer was analyzed by gas chromatography GC equipped with a flame ionization detector GC-2014; Shimadzu . The measurement conditions were as follows: capillary column, FAMEWAX 30 m 0.25 mm ID; Shimadzu GLC Ltd. ; carrier gas, He; column temperature, 200 ; flow rate, 0.6 mL/min; and injection volume, 1 μL.
The tocopherol concentration was measured by diluting the samples in a mobile phase hexane:ethyl acetate 7:3 followed by analysis with high-performance liquid chromatography HPLC; SPD-10Avp, Shimadzu . The measurement conditions were as follows: column, Inertsil NH 2 250 mm 4.6 mm, GL-Science ; column temperature, 30 ; flow rate, 1.0 mL/min; wavelength detection, 290 nm; and injection volume, 10 μL.
2.4 1,1-diphenyl-2-picrylhydrazyl DPPH radical-scavenging activity The DPPH radical-scavenging activity was measured as follows: the samples 100 mg were dissolved in 3.9 mL of a toluene solution of the free stable DPPH radical 10 4 M and vortexed. After mixing for 30 min, absorption at 515 nm was measured against a blank of pure toluene in 1-cm quarts cells by using a U-2001 spectrophotometer Hitachi High-Technologies, Ltd. . The radical-scavenging activity toward DPPH radicals was estimated by calculating the mean of the following equation:
DPPH radicals 1 absorbance of control absorbance of test sample /absorbance control 100 2
where DPPH radicals expresses the amount of the radicals that remain in the medium after depletion of the antioxidants 10 . 88.7 . Therefore, tocopherol showed radical-scavenging activity against the peroxy radicals, indicating that the production of carbonyl compounds was inhibited. Hydrogen from tocopherol was provided to peroxy radical, which indicated that hydroperoxide was produced and new fatty acid radical was not produced. On the other hand, tocopherol radical was produced from above reaction. Subsequently, nonradical compound was produced from two tocopherol radicals. Therefore, induction period of oil deterioration was extended by addition of tocopherol Fig.  3 . Moreover, the same radical-scavenging action mechanism of tocopherol described by Yamauchi 4 might have occurred in our experiments. Thus, tocopherol treatment of the edible oil was found to be useful to prevent deterioration of the oil quality.
Results and Discussion
3. Analysis of the FFA components in the Shirashime soybean oil used in this study showed that the contents of palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic acid were 11.4 , 7.8 , 20.1 , 51.1 , and 9.3 , respectively. The effect of tocopherol addition in waste edible oil on FFA content is shown in Figs. 4 and 5. The concentration of saturated fatty acids e.g., palmitic acid and stearic acid was not changed by the addition of tocopherol in the con- centration range of 0.1-1.0 . On the other hand, the concentration of unsaturated fatty acids e.g., oleic acid, linoleic acid, and linolenic acid significantly decreased with time 6 but was not changed by the addition of tocopherol.
Holser reported that α-tocopherol showed radical-scavenging activity against the peroxy radicals, suggesting that the deterioration of unsaturated fatty acids e.g., linolenic acid was inhibited 11 . However, a similar trend was not observed in this study, probably because the tocopherol used in this study was complex and included the α-, β-, γ-, and δ-types. These phenomena attributed to the experimental condition accelerated oxidation, amount of unsaturated fatty acids, and concentration of α-tocopherol , which is different compared to previous research 11 . Moreover, among the tocopherols, α-tocopherol was most rapidly degraded in this study. On the other hand, γ-and δ-tocopherol were resistant to heat treatment. A hydroperoxyl radical-scavenging activity is in the order α-β-γ-δ-tocopherol. Abovementioned suggests that the results obtained in this study was different compared to the previous research. However, because all variants of tocopherol are usually present in edible soybean oil, the FFA behavior observed in this study was occurred in the practice.
3.3 Effect of tocopherol addition in waste edible oil on DPPH radicals The changes of total tocopherol in waste edible oil are shown in Fig. 6 . The concentration of tocopherol decreased with time. After 30-h treatment, the residual percentage of tocopherol was higher in the samples to which the highest tocopherol concentration was added i.e., 0.1 0.5 1.0 . The decrease of tocopherol content in olive oil and coconut oil, which have saturated fatty acids as the main components, was faster than that in soybean oil, rapeseed oil, and corn oil, which have unsaturated fatty acids as the main components 12 . Because tocopherol in waste edible oil was present even after 30-h treatment, this result suggested that the shelf life of edible oil was extended compared to other oil types. Figure 7 shows the relationship between residual DPPH radicals and heating time. The DPPH radical is widely used for determination of total antioxidant activity. Moreover, tocopherol shows radical-scavenging activity against the radical. The residual DPPH radicals increased with heat time because the concentration of tocopherol decreased or radical generated in both heated and aerated samples. The level of residual DPPH radicals in untreated edible oil was greater than that in the oil to which tocopherol was added, which depended upon the concentration of tocopherol. Therefore, remaining DPPH radicals was in the order un- 10 .
Conclusion
The natural deterioration of edible oil was reproduced by both heat and aeration treatments. The inhibition effect of tocopherol addition on edible oil deterioration was investigated, and we found that the AV and CV of edible oil in the presence of tocopherol were lower than those without it. These results indicated that the radical-scavenging activity of tocopherol could be useful for preventing the deterioration of edible oil. Moreover, the concentration of saturated and unsaturated fatty acids was not influenced by treatment with tocopherol. Finally, the relationship between residual DPPH radicals and treatment time was in agreement with the total concentration of tocopherol. 
